We investigate the magnetocrystalline anisotropy (MCA) energy of tetragonal distorted FeCo alloys depending on the degree of order by first-principles electronic structure calculation combined with the coherent potential approximation. The obtained results indicate that the MCA energy of FeCo alloys strongly depends on the degree of order under optimal conditions, where the axial ratio of the bct structure is 1.25 and the composition is Fe 0.5 Co 0.5 . We find that the modification of the electronic structure resulting from electron scattering by chemical disorder has a considerable influence on the MCA under these conditions.
In recent elemental strategies, it has been essential for hard magnetic materials applied to magnetic devices and permanent magnets to be free from rare-metal and rareearth elements. Given this situation, Burkert et al. proposed that the FeCo alloy can be expected to exhibit a giant magnetocrystalline anisotropy (MCA) energy under certain conditions by the first-principles calculation using the virtual crystal approximation (VCA) to treat the binary alloy system. 1 In their paper, tetragonal distorted Fe 1−x Co x alloys exhibit a large uniaxial magnetic anisotropy constant K u , as high as about 700
-800 µeV/atom, which is sufficiently comparable to the K u value of a series of L1 0 -type alloys such as FePt, CoPt, and FePd, 2 under the conditions that the axial ratio between the a and c axes, c/a, is 1.20-1.25 and that the composition x is 0.5-0.6. This result has stimulated considerable expectation for their use as novel materials with high coercivity; thus, many experimental trials have been performed to realize such a property. [3] [4] [5] [6] [7] Under the optimal conditions, the magnetic easy axis coincides with the c-direction in agreement with the theoretical prediction; however, satisfactory results
have not yet been obtained at a quantitative level. Electronic structure calculations are performed by using the tight-binding linear muffin-tin orbital (TB-LMTO) method under the local spin-density functional approximation. [15] [16] [17] Chemical disorder is taken into account by means of both the CPA and the lowest order VCA to compare the obtained results. In the former approximation, the averaged potential function P , which is used in the TB-LMTO method and reflects the random distribution of Fe and Co atoms, is determined via the iterative CPA condition for single-site t-matrices. In the latter, P is determined only by the simple weighted average of the potential functions of both atoms in accordance with the composition ratio, 16 so there is no electron scattering. In both methods, we take advantage of the Green's function technique, which needs an infinitesimal imaginary value reflecting causality; we set this value to 2.0 mRy in this work. The MCA energies are calculated based on the force theorem with inclusion of the spin-orbit interaction after a self-consistent calculation. The lattice constants are determined by the volumes of the unit cell of the experimental data of the bulk Fe-Co alloys 18 and the optional axial ratio c/a. The number of k-points used for MCA energy calculation is about 50 3 in the full Brillouin zone.
First, we examine the K u value of completely disordered Fe 0.5 Co 0.5 (S = 0.0) as a function of the axial ratio c/a in Fig. 1 . In both the CPA and the VCA, we can measure the peak of K u around c/a = 1.25. We note that K u is zero for c/a = 1.0 and √ 2 owing to the cubic symmetry. This behavior is qualitatively consistent with the results of Burkert et al., 1 although the value of K u calculated using the VCA is almost half at the peak position. This discrepancy may be attributed to the difference in the band calculation method; Burkert et al. 1 used the full-potential LMTO method, which can provide more accurate results than the present method if one calculates the electronic structure of a perfectly ordered crystal, i.e., S = 1.0. Here, it should be emphasized that the value of K u calculated using the CPA is further reduced compared with that calculated using the VCA, especially around c/a = 1.25. This behavior is consistent with the results obtained by Neise et al. using the supercell method. in Fig. 2 . Here, we note that there are two equivalent sites in the primitive cell of the tetragonal lattice. We set the composition at the body center site and the corner one in the primitive cell to Fe 1−η Co η and Fe η Co 1−η (0 < η < 0.5), respectively; the long-range order parameter of the crystal is defined by S = 1 − 2η (0.0 < S < 1.0). 14 For S = 1.0, the lattice is a perfectly ordered structure; therefore, the results obtained using the VCA and CPA are invariant. In Fig. 2 , there is a large difference between these results for S < 0.8; therefore, we can consider that the values obtained using the lowest order VCA possibly overestimate the uniaxial anisotropy constant of FeCo compared with the values obtained using the CPA, which is a more proper way of dealing with a disordered alloy system. 11 Therefore, this result reveals that the giant MCA expected from FeCo is not present even if there is a slight disorder in the crystal.
To gain insight into the physical feature giving rise to the different behavior of the degree of order dependence of the MCA calculated using the VCA and CPA, we focus on the partial Bloch spectral functions of the d 
where ε kn↓ denotes the eigenvalue of the nonperturbative eigenstate |kn ↓ in the minority-spin state. Thus, the projected components d xy |kn ↓ · |d xy and d This is one of the reasons why the uniaxial anisotropy constants increase with S in Fig.   2 .
However, the spectra for S = 0.0 obtained via the CPA shown in Fig. 3 (c) also seem to meet this condition, although it should be noted here that in Fig. 3(c) , the shapes of these spectra around the Fermi level are modified owing to electron scattering by the random arrangement of atoms. The width of the spectra increases compared with that obtained using the VCA as shown in Fig. 3(b) . Some portions of the spectrum lie in the occupied state and others lie in the unoccupied states because of the wide energy distribution of each spectrum around the Fermi level. When we evaluate the energy variation δE that results from mixing d xy and d x 2 −y 2 states in the minority-spin state through the spin-orbit interaction by using the nonperturbative Green's function obtained using the CPA and VCA based on the approach of Solovyev et al., 21 we confirm that δE calculated using the CPA is about one-half of that found using the VCA; 22 therefore, this modification of the spectra contributes to decreasing the MCA energy in the bct FeCo alloy in Figs. 1 and 2 . Since in the CPA calculation, the energy widths of these two states increase with decreasing S, the K u values from the CPA decrease much faster than those from the VCA when S decreases. Therefore, the giant 
